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Abstract of EP 041 1963 (A2) 

A pair of antenna conductors (10, 11) are formed on 
upper and lower blank portions outside an area 
where defogging heater wires (2) are attached on a 
window glass (1) of a motor vehicle. One of the 
antenna conductors {lib) fe RF-ooupled with the 
defogging heater wires (2) and a feed terminal (11a) 
thereof Is tocated at a lateral side of the glass. The 
other antenna conductor (10) has a feed terminal 
(10a) located at another lateral side of the glass. 
The two reception signals complement with each 
other in directivity due to asymmetric characteristic 
of the antenna conductors (10, 11) and are used in a 
diversity reception system for obtaining a 
nondtrectional- reception characteristic. 
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@ Window antenna. 



@ A pair of antenna conductors (10, 11) are formed 
on upper and lower blank portions mitslde an area 
where defogging heater wires (2) are attached on a 
window glass (1) of a motor vehicle. One of the 
antenna conductors (11 b) (s RF-coupied with the 
defogging heater wires (2) and a f^d terminal (11a) 
thereof Is located at a lateral side of Uie glass. The 



other antenna conductor (10) tias a feed terminal 
(10a) located at another lateral side of the glass. The 
two recepttcm signals complement with each other in 
directivity due to asymmetric ch^acteristic of the 
antenna conductors (10, 11) and are used In a diver- 
sity reception system for obtaining a nondlrectional 
reception characteristic. 
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WIMDOW ANTHNNA 



The present mvention relates to a glass window 
antenna for a motor vehicler wherein antenna con- 
ductors are arranged on a surface of a window 
glass used as an insulator. 

In an antenna system of a motor vehicle, a 
diversity reception using a plurality of antennas is 
employed for reducing changes in reception gain 
according to traveling direction of tiie vehicle. An 
FM broadcast diversity reception, for example, a 
pole ant^na attached on the body of the motor 
vehicle and an antenna comprising an antenna 
conductor attached on a rear glass window are 
used in a prior art. A space diversity reception is 
so performed that the highest level one in recep- 
tion signals is selected {cf, Japanese laid open 
patent application No, 140301/1988). 

It is known to perform diversity reception with 
two or more ^tenna conductors and feed terminals 
on a rear window surface of the motor vehicle 
(Japanese utiifty model registration application iatd 
open Nos. 138408/1988 and 29307/1988 and a 
patent application laid q^en No. 269625/1 988). 

As to the pole antenna, tuning adjustment Is 
possible only with regard to Its length. It Is less 
flexible in arrangements of conductor than that of a 
glass window antenna. It is therefore difficult to 
tune conductor for jrw^oviding complementary cfirec- 
tivity for diversity reception system. An element of 
the pole antenna is arranged vertically so that It 
shows a tow reception sensibility to receive hori- 
zontally polarized wave- 
It Is possible to tune directivity of respective 
antennas in diversity reception system In which 
spaced conductors ^ranged on a surface of a 
glass window. Spaces on the window, however, are 
little for the antenna conductors so that they show 
tow average reception sensibility. Preamplifiers with 
fixed gains must be inserted immediately after feed 
terminals of the antenna conductors. These fixed 
gain amplifiers often saturate at strong radio wave 
field so that reception radio voice is remarkably 
degraded. 



OBJECT AND SUMMARY OF THE INVENTION 



Accord! ngfy it is an object of this invention to 
provide window glass antennas which have good 
complimentary directivities and high reception sen- 
sibilities without using preamplifiers. 

In accordance with an aspect of the present 
invention, there is provided a window glass antenna 
of a motor vehicle comprising heater wires formed 
m a heating area on a window glass of the motor 



vehicle; a first antenna conductor formed m a lower 
blank area outside the heating area; a second an- 
tenna conductor formed in a lower blank area out- 
side the heating area and RF-coupled to the heater 

6 wires; and first and second feed terminals arranged 
oppositely at both lateral sides of the window glass 
for deriving reception signals from the first and 
second antenna conductors. 

According to opposite wiring courses toward 

10 the feed terminals^ location of the first and second 
arrtenna conductors is asymmetrical with respect to 
a center line of glass window. Directivities of the 
antenna conductors complement with each other. 
Non-directional reception characteristic is thus 

16 achieved by diversity reception. 

The above, and other, objects, features md 
advantages of the present invention, will become 
readiiy apparent from the following detailed de- 
scription thereof which is to be read in connection 

ao with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



26 

Fig. 1 is a front view of a rear glass window on 
which a glass window antenna for a motor ve- 
hicle according to this rnvenllon is provided; 
Fig, 2 is a graph showing directivities of upper 
30 and lower antenna conductors; 

Rg, 3 is a graph showing variation of reception 
sensibility with respect to coupling capacity be- 
tween heater wires and the second antenna con- 
ductor; 

35 Fig, 4 Is a graph showing a gain of the first 
antenna conductor for various conductor width 
of feeder conductor connected thereto; 
Fig. 5 is a graph showing gain of the second 
antenna conductor in a case In which a horizon- 

40 tal element is added to a bus ber of heater wires 
and a case In which the horizontal element is 
not provided; 

Fig, 6 is a graph showing gain of antenna in a 
case in which short-circuit ccmductor and hori- 

45 zontal elements are added and ano^er case in 
which these are not provided; and 
Rg. 7 is a graph showing g^n of antenna in a 
case in which horizontal element Is pM-ovided to 
oapacitlvely couple to the first antenna conduc- 

50 tor and another case In which the horizontal 
element Is not provided, 

DETAILED DESCRIPTION OF A PREFERRED EM- 

BODIMENT 
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f\Q. 1 fs shows a rear glass window 1 of a 
motor vehicfe according to this Invention. In the 
middle zone of the glass window, a plurality of 
defogglng heaier wires 2 fs formed In paraitel to 
each other through a printing and a baking pro- 
cesses. The heater wires 2 are divided into upper 
and lower groups. Power is fed through bus bars 3 
and 4 through a refajim path vra a common bus b^ 
5. Another power feed system may be arranged in 
which heater wires 2 are not divided Into two 
groups so that a current flows from a side bus bar 
to another side bus bar. 

The heater wires 2 are used as an AM radio 
wave reception antenna. Magnetically coupled 
dioke coifs 8a ^d 8b are inserted into power 
supply lines 7a and 7b. The choke coils provides 
the heater wires 2 with large impedance to ground 
In radio frequencies. The power supply line 7a is 
coupied to a main power supply through a switch 6 
and the power supply line 7b is coupled to ground. 

Antenna conductors 1 0 and 1 1 are arranged on 
upper and lower blank areas of the window glass 1. 
The upper antenna conductor 10 is exclusively 
used for FM broadcast reception. The lower an- 
tenna conductor 11 is used both for AM and FM 
broadcast receptions. A diversity reception is per 
formed for FM broadcast reception with using the 
upper and lower antenna conductors 10 and 1 1 . 

Asymmetrfeai arrangement of conductors is 
employed with respect to the center line of the 
glass window for satisfactory FM diversity recep- 
tion. For securing asymmetrical arrangement of the 
conductors, a feed tenninal 10a of the upper an- 
tenna conductor 10 is located at the right side 
(viewed from inside of a car) of the glass window 1 
and a feed termini 11a of the bwer antenna 
conductor 1 1 is located at left side. 

The antenna conductor 10 compdses horizontaf 
elements 10b - 10g. A mam element 10b is a 
single element antenna of about 800 mm in length 
and Is symmetrically arranged with respect Id the 
center line of the glass window 1 . At the center of 
the conductor 10b, a vertical coupling conductor 
lOh is connected to form an antenna of generally 
inverse letter-T configurafion. The coupling conduc- 
tor lOh is connected to a feeder conductor 101 
an'anged along an upper edge of Uie glass window 
1. An end of the feeder conductor 101 is connected 
to the feed terminal 1 0a located at the side end of 
the glass window 1 . 

The feeder conductor 1 01 Is 3 mm in width and 
made wider than other conductors so that imped- 
ance matching is satisfied between a feeder cable 
of 5012 to be connected to the feed terminal 10a 
and the inverse T-antenna comprising the main 
element 10b and the coupling conductor lOh, The 
feeder conductor 101 has a desired capacitance to 
ground which is produced by oapacitive coupling to 



a window frame ^ground potential) near the upper 
edge of the glass window. A desired impedance 
measured at the feed terminal 1 0a is obtained. 
Horizontal elements lOd and lOf are extended 

5 from the bus bar 3 of the heater wires 2 in parallel 
with the main element 10b. These horizontal ele- 
ments are capacitlvely coupled with the main ele- 
ment 10b so as to tune the antenna in directivity. 
Respective ends of the horizontal elements. lOd 

70 and 1 0f are located at 300 mm and 4(K) mm away 
from the center tine of the window 1, 

A short-circuiting conductor lOj of 4 mm in 
width Is provided along the center line of the glass 
window 1 to short-circurt all of upper half of ^e 

75 heater wires 2, A horizontal element lOg is ex- 
tended irom an end of the short-circuit conductor 
10j toward Uie bus bar 3 so as to couple capaci- 
tively with the dement lOh for Improving directh^lty. 
An end of the horizontal element 10g is located at 

20 500 mm away from the center tine of the glass 
window 1. The short-circuit conducttM* 10] connects 
equfpotential points of the heater wires 2 so that no 
short-circuiting current actually flows through the 
short-circuit conductor lOj* 

26 in this embodiment, line intervals lOd - 10b, 
10b - lOf, 10f - 1C^ and lOg - heater wires 2 are 
respectivety 10, 15, 7.6 and 7.5 mm. 

A horizontal auxiliary element 10e of 165 mm 
in lengtii is extended from the feed terminal 10a so 

30 as to tune the antenna in directivity as well as high 
frequency charac terlsttc. 

The above-mentioned elements lOd, 10h, lOg 
and ICte improve reception directivity of the main 
element 10b on the left side thereof. These ©le- 
ss ments are arranged generally on the right side of 
the center line of the glass window 1 , The antenna 
conductor 10 is thus arranged asymmetricatly in 
genera! with respect to the center line of the glass 
window 1. 

40 The lower antenna conductor 1 1 has a horizon- 

tal main element lib extended from the feed ter- 
minal 11a in parallel with the heater wires 2 at an 
interval of 2 mm. The main element 10b is capacl- 
tively coupled to the heater wires 2 to serve as an 

^6 suntenna used both In receptions of AM and FM 
waves induced on the heater wires 2. The lower 
half of the heater wires 2 serves as ground circuitry 
e.g» a return path of a heater current so that noises 
in a heater power supply do not propagate directly 

50 from the heater wires 2 to Qie main element 11b. 
No remarkable noises are recognized in a recep- 
tion signal. An end of the main element lib is 
located at 210 mm away from the center line of the 
glass window 1 . 

55 Auxiliary horizontal elements 11c, 11d and lie 
are extended from bus bars 3 and 5 of IJie heater 
wires 2 for improving directivity and frequency 
characteristics of the main element lib. The heater 
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wires 2 s^e thus tuned as an antenna. The element 
11c is extended honzontally from the lower end of 
the common bus bar 5 by 1 50 mm away from the 
center line of the glass window with an Interval of 
30 mm to the heater wires 2. 

The element 11d is extended from the lower 
end of the bus bar 3 alor^g tiie right side of the 
glass window 1 and then extended horizontally to a 
portion 410 mm away from the center line of the 
glass window 1 with an interval of 15 mm to the 
heater wires 2. 

The element lie is extended from the upper 
end of the common bus bar 5 along a corner 
portion and upper srde of the glass window 1 to a 
position 160 mm away from the center line. 

Fig. 2 shows directivity of antenna conductors 
10 and 11 with resp^ to FM broadcast wave of 95 
MHz. The directivity of dotted line D11 corre- 
sponds to the antenna conductor 10 and the direc- 
tivity of a solid line D10 corresponds to the antenna 
conductor 11. As Is apparent frcwm the directivity 
chart, a dip In gain of the lower antenna 11 appear- 
ing on the right side of a traveling course of a car 
IS complemented by a gain of the upper antenna 
conductor 10. In the directivity erf the antenna con- 
ductor 10, a dip appearing on the left ^'de of a 
traveling course of a car is complemented by a 
gain of the lower antenna conductor 11. A diversity 
rec^tion is achieved by selecting a higher level 
one of reception signals from the complementary 
antenna conductors 10 and 11 in response to com- 
parison of these signals. A stable reception signal 
is obtained regardless of changes of traveling dl- 
recffon of the car. 

The lower antenna conductor 11 functions as 
an AM reception antenna. In this radio band, the 
heat^ wires 2 is operable as ^ antenna conductor 
since conductors of t^e wires are reiaffvely long. 

Rg. 3 is a graph showing a relation between 
AM reception sensibility and coupling capacitance 
of the main antenna element 11 to the heater wires 
2- CHfferences in sensibility are plotted with refer- 
ence to that (OdB) of a rear pole antenna of 1200 
mm long. The difference reaches the reference 
vrfien the coupling capacitance exceeds 60 pF, and 
saturates at 70 pF or more, in the emix>dlment the 
main eFement lib and the heater wires 2 are set at 
an interval of 2 mm to give capacEtive coupling not 
less than 70 pF so ^at an AWI reception signal is 
obtained by the antenna conductor 11 with a suffi- 
cient gain. 

Fig. 4 shows reception gains of the upper 
antenna conductor 10 in FM broadcast wave rang- 
ing 80 - 90 MHz in cases where wdth of the feeder 
conductor 10i In Rg. 1 is 1 mm and 3 mm as 
respectively shown by a dotted line and a solid 
line. As Is apparent from the graph, reception g^ns 
in lower side and upper side of FM broadcast band 



are respectively improved when the wid^ of the 
feeder conductor lOi is set more Cian 3 mm. Fre- 
quency characteristics are improved over a wide 
range. The feeder conductor lOi is extended from 

5 the center line of ^e wlrKlow glass 1 toward right 
side to the feed terminal 10a and operates as an 
antenna element which serves to improve reception 
gain on the right side of traveling course. 

Rg. 6 shows rec^tion gains of th© lower an- 

TO tenna conductor 11 in a range 80 - 90 MHz in 
cases where the horizontal elements 11c and 11e 
are extended from the common bus 5 of the heat^ 
wires 2 and these elements 11c md 11e are re- 
moved, respectively as ^own by a solid line A and 

76 a dotted fine B . A condition of FM radio ^ave 
current induced" on the heater wires 2 is changed 
by extending the elements 11c and lie from the 
common bus bar 5 of the heater wires 2, frequency 
bands each in which a good sensibliity is obtained 

20 are shifted to each other as shown by the graph. 
These elements 11c and 11e are arranged on the 
left side of the glass window 1 so that it operates to 
improve reception gain of the lower antenna con- 
ductor 1 1 on the left side of the traveling course, 

25 Rg. 6 shows gain ch^acteris^'cs in a band of 

80-110 MHz for a case {solid line A ) where the 
short-circuiting conductor 10] is provided to the 
heater wires 2 in Rg. 1 m6 the horizontal element 
10g is extended from an end of the conductor lOj 

30 In parallel to the heater wires 2, and anoth^ case 
(dotted line B ) where these conductors 101 and 
lOg are not"used. State of FM radio frequency 
current induced on the heater wires 2 is changed 
by attaching these conductors lOf and lOg, Fre- 

35 quency band having good sensibility can be shifted 
as shown by 1t)e graph. The horizontal elements 
lOg is extended on Ihe left side of the glass 
window 1 so that it operates to improve reception 
gain of the upper antenna conductor 10 on the left 

40 side of the traveling course. 

Fig. 7 shows reception gains in a band of 80 - 
110 MHz in a case (solid line A ) where the 
horizontal elements 1 0d and 1 0f are extended from 
the bus bar 3 of the heater wires 2 as shown in Rg. 

45 1 to capacitively couple with the main elem^t IDb 
on both sides (upper and lower sides) thereof and 
another case (dotted line B ) where the elements 
lOd and 10f are not used Influence to the main 
element 10b by the heater wires 2 can be changed 

50 by caj^ci^ve coupling of horizontal el^ents lOd 
and lOf with the main element 1 0b at a distance 
within 15 mm. Frequency band having good sen- 
sibility can be sNfted as shown by ^e graph. 
These horizont^ elements lOd and lOf operate to 

55 Improve a gain of the upper antenna conductor 10 
on the right side of a traveling course. 

According to this inventionr due to asymmet- 
rical anrangement of the first and second antenna 
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conductors with respect to the center of \ho gfass 
window, directivities complementing to each other 
are obtained. Qood reception characteristics are 
obtained with diversity reception regardless of trav- 
eling direction of car. Especially, a reception sys- 
tem in which any preamplifier rs not employed can 
be an^anged so that a reception signal of high 
quality is received without distortlcm even In a 
strong radio wave field. 

According to other features of this invention, 
reception gains of the first and second ^tenna 
conductCH-s are improved. Complem^ary charac- 
teristics of the first and second antenna elements 
are ensured to operate a diversity reception system 
with high performance. 



7. A window glass antenna according to claim 1, 
wherein auxiliary honsontal elements are extended 
from the bus bar of the heater wfres on the side of 
the second feed terminal in the upper and lower 

$ blank areas of the glass window to improve an- 
tenna characteristic of the heater wires. 

8. A window glass antenna according to claim 7, 
wherein an auxiliary horizontal element Is extended 
from the bus bar of the healer wires on the side of 

w the first feed terminal In the lower blank area. 



IS 



Claims 

1. A window glass antenna of a motor vehicle 20 

comprising; 

heater wires formed in a heating area on a window 

glass of the motor vehicle; 

a first antenna conductor formed In an upper blank 

area outside the heating area; ss 

a second antenna conductor formed In a lower 

blank area outside the heating area and RF-coup- 

led to said heater wires; and 

first and second feed terminals anmtged oppositely 

at both lateral sides of the window glass for deriv- 30 

ing reception signals from said first and second 

antenna conductors, 

2. A window glass antenna accordir^ to claim 1, 
wherein said first antenna conductor is of a center 
feed type having a central feed point which Is 35 
coupled to the first feed tenmlnal through a feeder 
conductor of 3 mm or more in width. 

3. A window glass antenna according to claim 1, 
wherein said first antenna conductor consists of a 
single horizontal element and a vertic^ element 4q 
cCMfinocted to the center of the horizcmtal element 

to form an inverse character "T" shape. 

4. A window glass antenna according to claim 1, 
wherein a line conductor coupled capacitiveiy to 

said first antenna conductor is extended from a bus 46 
bar of the heater wires on the side where said first 
feed terminal is ar ranged, 

5. A window glass antenna according to claim 4, 
wherein said line conductor consists of two ele- 
ments arranged along upper and lower sides of the 60 
first antenna conductor, 

6. A wirKiow glass antenna according to daim 1, 
further comprising: 

a short-circuiting conductor which short-circuits the 
heater wires at the center thereof; and 55 
a fine element extending toward said first feed 
terminal from an end of the short-circuiting conduc- 
tor In parallel with said first antenna conductor. 
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